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ABSTRACT

Objective To assess the association between low-

dose aspirin and the incidence of colorectal cancer

(CRC), gastric cancer (GC), oesophageal cancer (EC) and
gastrointestinal bleeding (GIB) in adults without established
atherosclerotic cardiovascular disease.

Design Cohort study with propensity score matching of
new-users of aspirin to non-users.

Setting Clinical Data Analysis and Reporting System
database, Hong Kong.

Participants Adults >40 years with a prescription start date of
either low-dose aspirin (75-300 mg/daily) or paracetamol (non-
aspirin users) between 1 January 2004 to 31 December 2008
without a history of atherosclerotic cardiovascular disease.
Main outcome measures The primary outcome was the
first diagnosis of gastrointestinal cancer (either CRC, GC

or EC) and the secondary outcome was GIB. Individuals
were followed from index date of prescription until the
earliest occurrence of an outcome of interest, an incident
diagnosis of any type of cancer besides the outcome,
death or until 31 December 2017. A competing risk
survival analysis was used to estimate HRs and 95% Cls
with death as the competing risk.

Results After matching, 49 679 aspirin and non-aspirin users
were included. The median (IQR) follow-up was 10.0 (6.4)
years. HRs for low-dose aspirin compared with non-aspirin
users were 0.83 for CRC (95%Cl, 0.76 to 0.91), 0.77 for GC
(95%Cl, 0.65 t0 0.92) and 0.88 for EC (95% Cl, 0.67 to 1.16).
Patients prescribed low-dose aspirin had an increased risk

of GIB (HR 1.15,95%Cl, 1.11 to 1.20), except for patients
prescribed proton pump inhibitors or histamine H2-receptor
antagonists (HR 1.03, 95%Cl, 0.96 to 1.10).

Conclusion In this cohort study of Chinese adults, patients
prescribed low-dose aspirin had reduced risks of CRC and GC
and an increased risk of GIB. Among the subgroup of patients
prescribed gastroprotective agents at baseline, however, the
association with GIB was attenuated.

INTRODUCTION

Colorectal cancer (CRC) is the second most
common cause of cancer death with approx-
imately 1.8million new cases and 826000

Strengths and limitations of this study

» This is the first study to evaluate the association
of low-dose aspirin with gastrointestinal cancer
(ie, colorectal cancer, gastric cancer and oesopha-
geal cancer) and gastrointestinal bleeding among
Chinese adults without atherosclerotic cardiovascu-
lar disease.

» This population-based cohort study has a large
sample size, long duration of follow-up and used
electronic health records from an integrated health-
care system that captures aspirin prescriptions and
cancer outcomes.

» Complete information, however, was not available
for alcohol consumption, smoking status and body
mass index, which could be associated with the out-
comes of interest.

deaths worldwide in 2018." The incidence of
CRC is estimated to rise to 2.2million people
by 2030, with I.Imillion CRC associated
deaths.” Apart from CRC, gastric cancer (GC)
and oesophageal cancer (EC) also pose a
public health threat worldwide, with approx-
imately Imillion and 600000 new cases in
2018, respectively.”

Given the significant burden of gastro-
intestinal (GI) cancers, pharmacological
intervention may play an important role
in reducing their risk. The use of low-dose
aspirin to prevent GI cancers is controversial
with different studies showing inconsistent
results.”” Evidence from randomised clin-
ical trials (RCTs) is the ‘gold standard’ for
assessing the efficacy of treatments. Although
no trial has specifically assessed low-dose
aspirin for the prevention of GI cancers, a
patient-level meta-analysis of aspirin trials
suggests an association with a reduced risk
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of CRC after long-term follow-up.® In addition to trial
evidence, pooling of observational studies also demon-
strate an association with a reduced risk of GI cancers.”
Given the accumulating evidence of benefit for low-dose
aspirin, the US Preventative Services Task Force currently
recommends initiation of low-dose aspirin for the primary
prevention of atherosclerotic cardiovascular disease
(ASCVD) and CRC, only for patients aged between 50
and 69 years with 210% 10-year risk of ASCVD who are
not at an increased risk of bleeding.'’

The risk-benefit ratio for low-dose aspirin, however,
may differ by ethnicity. A recent study showed that the
protective effects of aspirin on CRC varied among ethnic-
ities with the strongest association of benefit observed
among Caucasians.!" Furthermore, low-dose aspirin
modestly increases the risk of gastrointestinal bleeding
(GIB)," which might outweigh the GI cancer prevention
benefits. The risk of GIB is especially a concern among
the Chinese population as they are suspected to have a
higher risk of bleeding."*'* Considering the possible vari-
ation in the effects of low-dose aspirin on GI cancer, as
well as in the risk of GIB, further studies conducted in
Asian populations are warranted.

This study aimed to investigate the association of low-
dose aspirin with the risk of CRC, GC, EC and GIB among
adults >40 years without pre-existing ASCVD in Hong
Kong.

METHODS

Data source

We used the Clinical Data Analysis and Reporting System
(CDARS), which contains electronic health records for
patients receiving care from the Hospital Authority (HA),
a statutory body that manages all public hospitals and
their clinics in Hong Kong. All Hong Kong residents
have access to public healthcare services and around 80%
of hospitalisations in Hong Kong are in HA hospitals.
CDARS stores clinical records from 1993 and has been
used to conduct pharmacoepidemiological studies, with
high accuracy in coding the study outcomes in previous
validation studies (positive predictive value: GI bleed,
100%; GI cancer, 100%).77

Study design and patient selection

This was a population-wide retrospective cohort study.
Patients >40 years who were either prescribed low-dose
aspirin (75-300mg/daily) or paracetamol by a doctor
within the HA, and with a prescription start date between
1 January 2004 and 31 December 2008 were identified in
CDARS. The date of the first low-dose aspirin or parac-
etamol prescription was considered the index date. Since
CDARS captures both prescribing and dispensing with
the HA system, the prescription start date matched the
dispensing date for 99% of the prescription records in
our data set. To include new users of low-dose aspirin,
patients with a prescription of aspirin 1year prior to the
index date were excluded. Patients diagnosed with any

type of cancer, those who underwent a colectomy or
gastrectomy or diagnosed with ASCVD defined as isch-
aemic heart disease, cerebrovascular disease or periph-
eral artery disease before the index date were excluded.
Nitrates and digoxin were used as proxies to indicate a
history of ASCVD, hence, any patient with a nitrate or
digoxin prescription in the year prior to the index date
were also excluded (online supplemental tables 1 and 2).
Patients who received paracetamol (non-aspirin users)
were identified as the reference group for risk compar-
ison. Paracetamol was used to identify patients who have
had contact with the healthcare system during the same
calendar time period as the low-dose aspirin patients.
Importantly, paracetamol is not indicated for any asso-
ciated comorbidities and has no known association with
any type of cancer. An intention-to-treat approach was
adopted, where patients allocated to the low-dose aspirin
group on the index date will remain in the low-dose
aspirin group, and similarly for the non-aspirin group.

Outcomes

The primary outcomes of this study were the develop-
ment of either CRC, GC or EC. The follow-up period
started from the date of first prescription of either low-
dose aspirin or paracetamol (ie, index date) and was
censored at the incident diagnosis of any cancer, death or
end of study period (31 December 2017). Patients diag-
nosed with CRC, GC and EC were identified using Inter-
national classification of diseases ninth revision codes
(online supplemental table 1). The secondary outcome
was GIB that led to a hospital visit (diagnosis code for an
inpatient, outpatient or accident and emergency room
visit). The follow-up period started from the index date
and was censored at diagnosis of the outcome, death or
end of study period.

Study variables

Potential confounders included patient demographics
(age and sex), comorbidities (diabetes mellitus, hyper-
lipidaemia, hypertension, obesity, alcohol-related disor-
ders, congestive heart failure, arrhythmia and conduction
disorders, arterial disease, valve disorders, cardiomy-
opathy, chronic kidney disease, hepatic failure, chronic
obstructive pulmonary disease (COPD), thyroid disor-
ders, schizophrenia, depression, bipolar disorder, peptic
ulcer, GI reflux, irritable bowel syndrome, inflammatory
bowel syndrome and bleeds that led to hospitalisation
within 1year prior to index date) and concomitant medi-
cation use lyear prior to index date (non-steroidal anti-
inflammatory drugs, antiplatelets, anticoagulants, oral
hypoglycaemic agents, insulin, diuretics, antihypertensive
agents, antiarrhythmic, calcium channel blockers, beta-
blockers, angiotensin II receptor blocker/angiotensin-
converting enzyme inhibitor, peripheral vasodilators,
lipid-lowering drugs, oral bisphosphonates, oral corti-
costeroids, proton pump inhibitors (PPI)/histamine-2
receptor blockers (H2-blockers), antidepressants and
antipsychotics).
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Although evidence indicates a potential chemopro-
tective role of estrogens on the risk of certain cancers a
prescription of estrogens (either as oral contraceptive or
menopausal hormone) was not included as a study vari-
able due to the small number of patients with oestrogen
therapy (233 (0.47%) and 244 (0.49%) in low-dose aspirin
and paracetamol users, respectively).

Statistical analysis

Baseline characteristics of low-dose aspirin users and non-
aspirin users were presented as frequencies (percentages)
for categorical variables and as mean (+SD) for contin-
uous variables. To reduce confounding arising from base-
line differences between low-dose aspirin and non-aspirin
users, propensity score (PS) matching was performed.
Aforementioned confounders were included in esti-
mating the PS value. Patients using low-dose aspirin and
paracetamol were matched at a 1:1 ratio using a nearest
neighbour algorithm with a calliper of 0.01. Standardised
mean difference (SMD) <0.1 between treatment groups
was considered acceptable.

The ratio of incidence per 1000 person-years of CRC,
GC and EC among low-dose aspirin users and non-
aspirin users was reported. The association of CRC, GC
and EC with the use of low-dose aspirin was estimated
using competing risk Cox regression with death as the
competing risk, and HR with 95% CI was reported. The
association of GIB with the use of low-dose aspirin was
estimated using a Cox regression and HR with 95% CI
was reported. The number needed to treat (NNT) and
number needed to harm (NNH) was estimated using the
equation; 1/absolute risk reduction and 1/absolute risk
increase, respectively.

Subgroup analysis was performed to investigate the
risk of GI cancer and GIB in low-dose aspirin and non-
aspirin users with different age groups (40-49 years old,
50-59 years old, 60-69 years old, 70-79 years old and >80
years old). Since the use of gastroprotective agents (PPI/
H2-blockers) could reduce the risk of GIB in patients on
antithrombotic agents,' we assessed the association of GI
cancer and GIB with the use of low-dose aspirin in patients
on gastroprotective agents. As people with diabetes are at
higher risk of developing cancer,'” we also evaluated the
association of low-dose aspirin with GI cancer and GIB
among this population. Lastly, the association between
low-dose aspirin and GIB has been shown to be different
depending on the location of the GIB. Therefore, we
stratified the GIB outcome to upper GIB (UGIB) and
lower GIB (LGIB).

Sensitivity analyses were conducted by excluding
patients with cancer diagnosis during the first year of
follow-up since the cancer could have developed before
the start of follow-up. Patients with an ASCVD diagnosis
during the first year of follow-up were removed to ensure
all patients included have no pre-existing ASCVD. Non-
aspirin users with a low-dose aspirin prescription during
follow-up were censored at the first aspirin prescription.
Lastly, the effectiveness of low-dose aspirin for GI cancer

744568 Patients with aspirin or paracetamol

prescription identified in CDARS 2004-2008

324568 Low-dose aspirin users
420000 Paracetamol users

178941 Excluded

8239 Aged <40y

107000 Received aspirin <365 days prior to
> index date

60 888 Prior cancer diagnosis

1374 Previous colectomy or gastrectomy
1440 Aspirin daily dose >300mg

¥

565627 New-users of low-dose aspirin or

paracetamol

184003
381624

Low-dose aspirin users
Paracetamol users

137468 Excluded

99743
37725

Prior ASCVD diagnosis
Received nitrates or digoxin <365
days prior to index date

N
428159 Eligible for 1:1 PS matching

60869
367290

Low-dose aspirin users
Paracetamol users

¥

Included in analysis after 1:1 PS matching

99358

49679
49679

Low-dose aspirin users
Paracetamol users

Figure 1 Flow chart of users in the cohort study assessing
the risk of gastrointestinal cancer and gastrointestinal
bleeding. ASCVD, atherosclerotic cardiovascular disease;
CDARS, Clinical Data Analysis and Reporting System (of the
Hong Kong Hospital Authority); d, days; PS, propensity score;
y, years.

prevention was evaluated in patients taking low-dose
aspirin for secondary ASCVD prevention; patients taking
low-dose aspirin for primary and secondary ASCVD were
included.

R 3.6.2 (R Foundation for Statistical Computing)
was used for all statistical analyses. The analyses were
conducted by JJPS and cross-checked independently by
JZ for quality assurance.

Patient and public involvement
There was no patient and public involvement.

RESULTS

Baseline characteristics

We identified 324 568 aspirin and 420 000 non-aspirin
users between 1 January 2004 and 31 December 2008.
Following exclusion criteria, 428 159 patients were eligible
for the PS matching (figure 1). A total of 99 358 individ-
uals (49 679 low-dose aspirin users and 49 679 matched
non-aspirin users) were successfully matched (online
supplemental figure 1). After matching, all baseline
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characteristics had SMD <0.1and were well balanced.
The mean (SD) age for the cohort was 68.6 (12.6) years,
and 48 022 (48.4%) were women (table 1). The median
(IQR) follow-up for the cohort was 10.0 (6.4) years for
the GI cancer outcome (9.8 (6.3) years low-dose aspirin
users and 10.4 (6.3) years non-aspirin users), and 10.2
(5.9) years for the GIB outcome (9.9 (6.1) years low-dose
aspirin users and 10.6 (5.7) years non-aspirin users). The
most common dose of aspirin was 80 mg daily (72.2%).

Risk of Gl cancer

In the propensity score-matched sample, 1954 of 99 358
participants developed CRC (876 low-dose aspirin users
(1.7%) and 1078 non-aspirin users (2.2%)), 515 GC (222
(0.4%) and 293 (0.6%)) and 206 EC (96 (0.2%) and
110 (0.2%), respectively; table 2). The results for the
unmatched cohort are presented in online supplemental
table 3. The number of patients who died due to CRC, GC
and EC were 247 (28.2%), 99 (44.6%) and 51 (53.1%)
in low-dose aspirin users, respectively, and 360 (33.4%),
151 (51.5%) and 55 (50.0%) in non-aspirin users, respec-
tively. NNT is 250 and 500 for CRC and GC, respectively,
and the NNH is 125 for GIB.

The results from the competing risk survival analysis
showed that low-dose aspirin use was significantly associ-
ated with a lower risk of CRC and GC compared with non-
aspirin users (CRC: HR, 0.83 (95% CI, 0.76 to 0.91); GC:
HR, 0.77 (95% CI, 0.65 to 0.92)), but not with EC (HR,
0.88 (95% CI, 0.67 to 1.16); table 2). The association with
lower risk was statistically significant for women (CRC:
HR, 0.79 (95% CI, 0.68 to 0.90); GC: HR, 0.73 (95% CI,
0.54 to 0.98)) and men (CRC: HR, 0.86 (95% CI, 0.76
to 96); GC: HR, 0.79 (95% CI, 0.64 to 0.98)). The use of
low-dose aspirin was significantly associated with a lower
risk of CRC in patients aged between 70 and 79 years old
(HR, 0.82 (95% CI, 0.71 to 0.94)) and among patients
with diabetes (HR, 0.73 (95% CI, 0.57 to 0.94)), with a
lower risk of GC among patients 80 years and older (HR,
0.60 (95% CI, 0.43 to 0.84); table 2).

There was no significant association between low-dose
aspirin and EC in any of the subgroup analysis (table 2).
The test for the interaction effect of low-dose aspirin and
gastroprotective agents was not significant when assessing
the association between low-dose aspirin and GI cancer,
with and without gastroprotective agents (p value for
interaction, >0.5).

Risk of Gl bleeding

In the propensity score-matched sample, 10 629 of 99 358
participants had a GIB event (5498 low-dose aspirin users
(11.1%) and 5131 non-aspirin users (10.3%); table 3).
Among patients with a GIB diagnosis the number of
patients who died due to a GIB was 88 (1.6%) in low-
dose aspirin users and 83 (1.6%) in non-aspirin users.
Compared with non-aspirin users, low-dose aspirin was
significantly associated with an increased risk of GIB (HR,
1.15 (95% CI, 1.11 to 1.20)). The association with higher
risk was statistically significant for women (HR, 1.16 (95%

CI, 1.10 to 1.23)) and men (HR, 1.15 (95% CI, 1.09 to
1.21)), in addition to patients aged 60-69 (HR, 1.13 (95%
CI, 1.03t0 1.23)), 70-79 (HR, 1.44 (95% CI, 1.35 to 1.53))
and 80 years and older (HR, 1.18 (95% CI, 1.11 to 1.27).

Low-dose aspirin was not significantly associated with
an increased risk of GIB in patients aged 40—-49 (HR, 0.94
(95% CI, 0.77 to 1.15)) and 50-59 (HR, 1.05 (95% CI,
0.93 to 1.19)) as well as in patients with diabetes (HR,
1.07 (95% CI, 0.97 to 1.18)) and those taking gastropro-
tective agents (HR, 1.03 (95% CI, 0.96 to 1.10); table 3).
The test for subgroup difference indicated significant
difference between the association with and without
gastroprotective agents (p value for interaction <0.001)
(online supplemental table 4).

Low-dose aspirin was significantly associated with an
increased risk of UGIB (HR, 1.14 (95% CI, 1.09 to 1.18))
and LGIB (HR, 1.31 (95% CI, 1.16 to 1.48)). The associ-
ation with higher risk remained for LGIB among patients
taking gastroprotective agents (HR, 1.70 (95% CI, 1.35 to
2.14)), however, low-dose aspirin was not associated with
an increased risk of UGIB in those taking gastroprotective
agents (HR, 0.98 (95% CI, 0.91 to 1.05)).

Sensitivity analysis

After removing patients with a cancer diagnosis during
the first year of follow-up, the association remained
similar for CRC (HR, 0.88 (95% CI, 0.80 to 0.96)), GC
(HR, 0.76 (95% CI, 0.63 to 0.93)) and EC (HR, 1.13
(95% CI, 0.83 to 1.55); figure 2). The association with
lower risk also remained after removing patients with a
diagnosis of ASCVD during the first year of follow-up for
CRC (HR, 0.90 (95% CI, 0.82 to 0.99)), GC (HR, 0.78
(95% CI, 0.66 to 0.94)) and EC (HR, 0.70 (95% CI, 0.53
to 0.94)). Lastly, the lower risk remained when censoring
non-aspirin users at the first aspirin prescription during
follow-up in CRC (HR, 0.88 (95% CI, 0.80 to 0.96)), and
GC (HR, 0.80 (95% CI, 0.67 to 0.96)) but not EC (HR,
0.93 (95% CI, 0.71 to 1.23)). After combining all patients
taking low-dose aspirin for either primary or secondary
prevention of ASCVD, they had a lower risk of CRC (HR,
0.89 (95% (I, 0.83 t0 0.96)), GC (HR, 0.78 (95% CI, 0.69
to 0.89)), as well as EC (HR, 0.73 (95% CI, 0.60 to 0.90))
compared with non-aspirin users.

DISCUSSION
In Chinese adults without pre-existing ASCVD, our results
suggest that the use of low-dose aspirin was associated
with a lower risk of CRC and GC, but not EC, as compared
with non-aspirin users during a median follow-up of 10
years. However, low-dose aspirin was associated with an
increased risk of GIB. Nevertheless, a subgroup analysis
showed that the use of low-dose aspirin was not associated
with an increased risk of GIB among patients younger
than 60 years old and those taking PPIs or H2-blockers.
Our findings are consistent with a meta-analysis of
patient follow-up (maximum duration 20 years) from
five RCTs which showed that aspirin was associated with a
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Table 1 Baseline characteristics of low-dose aspirin and paracetamol users* 'g
Before propensity score matching After propensity score matching i

Low-dose aspirin Paracetamol Standardised Low-dose aspirin Paracetamol Standardised E

Characteristics (n=60 869) (n=367290) differencet (n=49 679) (n=49 679) differencet T
Age, mean (SD), years 69.1 (12.5) 57.6 (12.8) 0.912 68.0 (12.5) 69.1 (12.7) 0.09 %
Female 29 010 (47.7) 211 841 (57.7) 0.202 24 031 (48.4) 23991 (48.3) 0.002 §
Aspirin dose &
<100mg 52 125 (85.6) - - 42 756 (86.1) - - 'S
101 mg - 200 mg 7396 (12.2) - - 5909 (11.9) - - E
200 mg — 300mg 1348 (2.2) - - 1014 (2.0) - - g
Medical conditions %.
Hypertension 12 679 (20.8) 18 469 (5.0) 0.485 8651 (17.4) 8626 (17.4) 0.001 }3
Congestive heart failure 3676 (6.0) 1568 (0.4) 0.321 1734 (3.5) 1289 (2.6) 0.05 '8
Arrhythmia and 8397 (13.8) 3563 (1.0) 0.506 3915 (7.9) 2900 (5.8) 0.08 .'l’
conduction disorders 8
Arterial disease 601 (1.0) 578 (0.2) 0.110 378 (0.8) 321 (0.6) 0.01 R
Valve disorders 436 (0.7) 579 (0.2) 0.085 266 (0.5) 254 (0.5) 0.003 '05
Cardiomyopathy 329 (0.5) 149 (0.0) 0.093 165 (0.3) 114 (0.2) 0.02 i
Diabetes mellitus 9079 (14.9) 12 148 (3.3) 0.412 6079 (12.2) 5975 (12.0) 0.006 py
Hyperlipidaemia 2130 (3.5) 2662 (0.7) 0.194 1400 (2.8) 1325 (2.7) 0.009 5
Thyroid disorders 1189 (2.0) 4644 (1.3) 0.055 851 (1.7) 837 (1.7) 0.002 3
Major bleeding 408 (0.7) 1269 (0.3) 0.046 316 (0.6) 343 (0.7) 0.007 %
COPD 2868 (4.7) 6214 (1.7) 0.172 2062 (4.2) 2109 (4.2) 0.005 »
Obesity 214 (0.4) 358 (0.1) 0.054 139 (0.3) 144 (0.3) 0.002 g
CKD 1359 (2.2) 1343 (0.4) 0.165 801 (1.6) 737 (1.5) 0.01 _§ §
Chronic liver disease 544 (0.9) 1953 (0.5) 0.043 437 (0.9) 462 (0.9) 0.005 2
GERD 150 (0.2) 410 (0.1) 0.032 105 (0.2) 115(0.2) 0.004 %g
Irritable bowel syndrome 45 (0.1) 293 (0.1) 0.002 37 (0.1) 41 (0.1) 0.003 8
Peptic ulcer 244 (0.4) 952 (0.3) 0.025 193 (0.4) 186 (0.4) 0.002 =
Inflammatory bowel 11 (0.0) 106 (0.0) 0.007 10 (0.0) 8 (0.0) 0.003 Z
disease g
Alcoholism 1166 (1.9) 3005 (0.8) 0.095 826 (1.7) 836 (1.7) 0.002 é'
Schizophrenia 1125 (1.8) 5699 (1.6) 0.023 900 (1.8) 916 (1.8) 0.002 %
Bipolar disorder 95(0.2) 706 (0.2) 0.009 87 (0.2) 98 (0.2) 0.005 §
Depression 1158 (1.9) 6291 (1.7) 0.014 943 (1.9) 942 (1.9) <0.001 %
Medications o
Diuretics 14 350 (23.6) 28961 (7.9) 0.441 10 042 (20.2) 10 136 (20.4) 0.005 ?,.,
ACE inhibitor or ARB 16 819 (27.6) 20 267 (5.5) 0.623 11195 (22.5) 11003 (22.1) 0.009 %
Other antihypertensives 8785 (14.4) 18 471 (5.0 0.321 6384 (12.9) 6676 (13.4) 0.02 é
CCB 22514 (37.0) 45 062 (12.3) 0.599 16 622 (33.5) 17 637 (35.5) 0.04 =
Antiarrhythmic 1562 (2.6) 1335 (0.4) 0.184 760 (1.5) 537 (1.1) 0.04 N
Beta-blockers 21756 (35.7) 42 667 (11.6) 0.592 15777 (31.8) 16 466 (33.1) 0.03 N
Peripheral vasodilators 741 (1.2) 598 (0.2) 0.128 435 (0.9) 373 (0.8) 0.01 =
Oral hypoglycaemic 14 789 (24.3) 25 443 (6.9) 0.493 10 799 (21.7) 11 260 (22.7) 0.02 E
Insulin 3321 (5.5) 2686 (0.7) 0.275 1972 (4.0) 1790 (3.6) 0.02 C
Lipid lowering drugs 10680 (17.5) 10 362 (2.8) 0.502 7019 (14.1) 6835 (13.8) 0.01 g
PPI or H2-blockers 21143 (34.7) 39 028 (10.6) 0.601 14 323 (28.8) 13 898 (28.0) 0.02 f,,
NSAID 8324 (13.7) 62 026 (16.9) 0.089 7137 (14.4) 7503 (15.1) 0.02 2_
Oral bisphosphonates 245 (0.4) 455 (0.1) 0.054 182 (0.4) 186 (0.4) 0.001 §
Oral corticosteroids 7561 (12.4) 30915 (8.4) 0.131 5913 (11.9) 6136 (12.4) 0.01 o
Continued é
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Table 1 Continued

Before propensity score matching

After propensity score matching

Low-dose aspirin Paracetamol Standardised Low-dose aspirin Paracetamol Standardised
Characteristics (n=60 869) (n=367290) differencet (n=49 679) (n=49 679) differencet
Anticoagulants 2537 (4.2) 1359 (0.4) 0.257 1278 (2.6) 962 (1.9) 0.04
Antiplatelet 1408 (2.3) 328 (0.1) 0.205 532 (1.1) 316 (0.6) 0.05
Antipsychotics 2172 (3.6) 7718 (2.1) 0.088 1664 (3.3) 1708 (3.4) 0.005
Antidepressants 2583 (4.2) 10 947 (3.0) 0.068 2063 (4.2) 2110 (4.2) 0.005

*Values are expressed as frequency (%) unless otherwise specified.

tStandardised difference indicates difference in mean or proportion of covariates in the low-dose aspirin group versus the paracetamol group divided

by the pooled SD.

ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; CCB, calcium channel blocker; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; GERD, gastro-oesophageal reflux disease; H2-blockers, histamine-2 receptor blockers; NSAID, non-steroidal

anti-inflammatory drug; PPI, proton pump inhibitors.

reduced risk of colorectal cancer (HR, 0.76; 95% CI, 0.60
to 0.96).% In addition to RCTs, observational studies have
also examined the association of low-dose aspirin with GI
cancer.”® Although studies have consistently shown a
beneficial effect of using low-dose aspirin, findings from
both RCTs and observational studies have largely been
limited to Caucasians.’ 2**" An earlier study in Hong
Kong evaluated the risk of GIB and benefit of CRC reduc-
tion from the use of low-dose aspirin and found that low-
dose aspirin lowered the risk of CRC but at the cost of a
higher risk of GIB. The authors acknowledged that the
results could be inaccurate due to confounding by indica-
tion since no comorbidities were used to adjust for base-
line differences between aspirin and non-aspirin users.”
Our present study adjusted for observed baseline differ-
ences between aspirin and non-aspirin users by using PS
matching. Moreover, most studies include patients taking
low-dose aspirin for both primary and secondary preven-
tion of ASCVD. However, the clinical implications for the
primary prevention cohortis greater as initiating low-dose
aspirin is no longer standard practice for this population.

A study in the UK has evaluated the protective effect of
low-dose aspirin on CRC in a cohort with no pre-existing
cvD.! However, the risk of GIB was not investigated.
Nevertheless, the association of low-dose aspirin with a
reduced risk of GI cancer was consistent with our find-
ings. Furthermore, our findings are also consistent with
our recent 13-year cohort study conducted in Hong Kong
(N=74 161) which found that regular aspirin use was
associated with a decrease in gastric cancer risk following
Helicobacter pylori eradication.'® Daily use, prolonged use
and use of higher doses of aspirin after H. pylori eradica-
tion was associated with significant reduction in the risk
of GC.'°

The role of low-dose aspirin for the prevention of GI
cancer is equivocal and questions remain, particularly
for patients without a history of ASCVD. Some RCTs
have reported no reductions in GI cancer incidence
and mortality with the use of low-dose aspirin.”” The
Aspirin in Reducing Events in the Elderly (ASPREE)
trial reported a higher mortality rate in patients taking

low-dose aspirin compared with placebo. A secondary
analysis showed cancer as the major contributor to the
higher mortality rate (HR, 1.13; 95% CI, 1.10 to 1.56),
with a subgroup analysis for GI cancer which detected no
differences between groups (CRC: RR, 0.97 (95% CI, 0.77
to 1.24)).° Patients in the ASPREE trial were >70 years
old, hence the benefits of low-dose aspirin for GI cancer
prevention may be limited since most of the benefits of
low-dose aspirin are apparent in studies of younger adults
with longer duration of use.” Notably, Asians comprised
only 1% of the trial population in ASPREE. Therefore,
findings from ASPREE may be more applicable to healthy
Caucasian adults.

Potential clinical implications

The finding that low-dose aspirin use was associated with
a lower risk of CRC and GC is of particular clinical impor-
tance, especially among patients with no pre-existing
ASCVD, since the decision to initiate low-dose aspirin is
less well defined. GI cancers are major contributors to
mortality worldwide with no proven preventative treat-
ment. Aspirin is affordable, easily accessible and has
a recognised pharmacological profile which could be
a means to improving the burden of disease. Addition-
ally, the risk of GIB associated with low-dose aspirin is of
particular interest in the Chinese population, which has
a different bleeding profile compared with Caucasians."*
Lastly, our study showed that for every 1000 patients
taking low-dose aspirin, 6GI cancer cases could be
prevented, although it could cause 8 GIBs. However, the
percentage of patients with GI cancer outcome who died
was 30%-50% compared with 1.6% for GIB. In addition,
the percentage of fatal GIB (1.6%) is similar in both the
low-dose aspirin and non-aspirin group. This indicates
that the use of low-dose aspirin does not contribute to an
increase in the risk of fatal GIB. Further, this is consistent
with a meta-analysis published in 2016 which evaluated
fatal GIB attributable to low-dose aspirin.® This infor-
mation along with the knowledge that patients under
60 years or those taking gastroprotective agents are not
at higher risk of GIB could inform clinical decisions to
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Analysis HR (95% CI) Pvalue
Colorectal cancer
Primary analysis - 0.83(0.76-0.91) <.001
Cohort with ASCVD - 0.89 (0.83-0.96) .001
Patients without cancers in 1st year - 0.88 (0.80-0.96) .006
Patients without ASCVD in 1st year - 0.90 (0.82-0.99) .03
Acetaminophen users censored at switching to aspirin - 0.88 (0.80-0.96) .004
Gastric cancer
Primary analysis —a— 0.77 (0.65-0.92) .003
Cohort with ASCVD —— 0.78 (0.69-0.89) <.001
Patients without cancers in 1st year —a— 0.76 (0.63-0.93) .007
Patients without ASCVD in 1st year —— 0.78 (0.66-0.94) .008
Acetaminophen users censored at switching to aspirin —a— 0.80 (0.67-0.96) .01
Esophageal cancer
Primary analysis —a— 0.88 (0.67-1.16) .37
Cohort with ASCVD —a— 0.73 (0.60-0.90) .003
Patients without cancers in 1st year —®&—— 1.13(0.83-1.55) .44
Patients without ASCVD in 1st year —a— 0.70 (0.53-0.94) .02
Acetaminophen users censored at switching to aspirin —a— 0.93(0.71-1.23) .62
Gl bleeding short-term outcomes
Primary analysis = 1.15(1.11-1.20) <.001
1 Year follow up —#- 1.36(1.23-1.51) <.001
3 Years follow up - 1.29 (1.21-1.38) <.001
T 1 1

0.50 0.71
Favors Aspirin

Figure 2 Forest plot of the results of the primary and
sensitivity analyses. ASCVD, atherosclerotic cardiovascular
disease; Gl, gastrointestinal.

1.0 1.41
Favors Paracetamol

initiate low-dose aspirin in Chinese adults without ASCVD
who highly value preventing CRC and GC.

Strengths and limitations

To our knowledge, this is the first study to evaluate the
association of low-dose aspirin with GI cancer and GIB
among patients without ASCVD. The findings are likely
generalisable to other urban Chinese populations with
similar risks of GI cancer as the population of Hong
Kong. We used PS matched cohort study to emulate a
target randomised trial since the feasibility of an RCT is
low due to the large sample size and long follow-up that
is required to evaluate cancer outcomes. Furthermore,
while low-dose aspirin is a non-prescription medication
in Hong Kong, its cost is heavily subsidised (HK$15 ~
US$2 for 4-month supply) through the public healthcare
system. Thus, misclassification of exposure to low-dose
aspirin is likely minimal.'*

This study has several limitations. Similar to some elec-
tronic health record databases, information such as body
mass index, smoking status and alcohol consumption
are not routinely recorded in CDARS. However, other
confounders were used as proxy to account for these risk
factors (COPD and alcohol-related disorders). A general
limitation of cohort studies is the residual and the unmea-
sured confounding bias which cannot be excluded.
Finally, subgroup analyses by age, diabetes mellitus and
use of gastroprotective agents should be interpreted
as hypothesis generating results since the low number
of events on stratification resulted in limited statistical
power.

Our findings support a potential role for low-dose
aspirin therapy for the prevention of CRC and GC, butnot
EC, in Chinese adults >40 years. Further research, such as
a pragmatic RCT, is needed to confirm the observed asso-
ciation in a patient population that would be expected
to derive the most benefit, and least harm, from taking
low-dose aspirin.
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Supplementary Table 1. List of diagnosis and procedure codes used in the study

Baseline characteristics

ICD-9 codes

Hypertension
Congestive heart failure

Arrhythmia and conduction
disorders
Arterial disease

Valve disorders
Cardiomyopathy
Diabetes mellitus
Hyperlipidemia
Thyroid disorders
Major bleeding”

COPD

Obesity

CKD

Chronic liver disease
GERD

Irritable bowel syndrome
Peptic ulcer

Inflammatory bowel disease
Alcohol related disorders

Schizophrenia and psychosis
Bipolar disorder

401 —405

398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11,
404.13, 404.91, 404.93, 428

426-427

433.00, 433.10, 433.20, 433.30, 433.80, 433.90,

440-445, 447, 557

424

425

250

272.0-272.2,272.4

242-244

531.0,531.2,531.4, 531.6,532.0, 532.2, 532.4, 532.6, 533.0,
533.2,533.4, 533.6, 534.0, 533.6, 534.0, 534.2, 534 .4, 534.6,
535.01, 535.11, 535.21, 535.31, 535.41, 535.51, 535.61,
535.71, 578.0, 578.1, 578.9, 562.02, 562.03, 562.12, 562.13,
569.3, 569.85, 569.86, 430, 431, 432.

490-492, 494, 496

278

585

570, 571

530.81

564.1

533

556

265.2,291.1,291.2,291.3,291.5, 291.6, 291.7, 291.8, 291.9,
303.0, 303.9, 305.0, 357.5, 425.5, 535.3, 571.1, 571.2, 571.3,
980, V11.3

295,297, 298.3, 298.4, 298.8, 298.9

296.0, 296.1, 296.4-296.7, 296.80, 296.81

296.89
Depression 296.2, 296.3, 296.82, 298.0, 300.4, 311
Qutcomes 1CD-9 codes
Colorectal cancer 153, 154
Gastric cancer 151
Esophageal cancer 150

Gastrointestinal bleeding

531.0,531.2,531.4, 531.6, 532.0, 532.2, 532.4, 532.6, 533.0,
533.2,533.4, 533.6, 534.0, 533.6, 534.0, 534.2, 534 .4, 534.6,
535.01, 535.11, 535.21, 535.31, 535.41, 535.51, 535.61,
535.71, 578.0, 578.1, 578.9, 562.02, 562.03, 562.12, 562.13,
569.3, 569.85, 569.86

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; GERD,

gastroesophageal reflux disease.

" Major bleeding; bleeding that led to hospitalization in the last 365 days
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Supplementary Table 2. List of drug names and codes used in the study

Baseline characteristics

Drug item code

Drug name

NSAIDs

Antiplatelet

Anticoagulants

Insulin

Oral hypoglycemic drugs

Lipid lowering drugs

PPI or H2-blockers

Oral bisphosphonates

Antipsychotics

Antidepressants

CELE, DICL, SULL PIRO, IBUP, NAPR,
INDOO02-03, ETOR, MELO

ABCI, CLOP, DIPY, EPTI, TICA, PRAS

APIX, DABI, EDOX, ARGA, WARF,
HEPAO03-04-05-11, TINZ, NADR, ENOX,
EPOP

INSU

ACAR, ALOG, DAPA, DEXTO01,18,22,28,
43,35,36,

70,71,72,75,76,78,

82,84,90,99, DIAZ07, DULA, EMPA,
EXEN, GLIC, GLIP, GLIM, GLUCO01,37,
LINA, LIRA, LIXI, METFO01,02, PIOG,
SAXA, SITA, VILD

ATORO01-02-03-04, FLUV-02-03-05,
LOVA, PRAV-01-02, ROSU01-02, SIMV-
01-02-04-05, ALIR, CHOL, EVOL, EZET,
FENO, GEMF

ARIP01-02, ESOMO01-02-03, LANS01-02-
03-04, OMEP01-02-05-06-07, PANT-01-
02-03, RABE-01-02, FAMO,
RANIO01,03,05,07

ALEN, CLOD, IBAN, PAMI, RISE, ZOLE

AMIS, ARIP, CHLOR, CLOZ, FLUP,
RISP, HALOO03, HALOO5, HALOO6,
HALOO7, HALOOS, HALO09, HALOL11,
HALOI13, HALO14, LITH, LURA, OLAN,
PALI, PERIO1, PERIO2, PIMO, QUET,
SULP19, SULP20, TRIF, ZIPR, ZUCL

AMIT, AGOM, BUPR06, CLOMO1,
CLOMO02, DEAN, DOTH, DOXE,
FLUPO1, FLUPO2, FLUP03, FLUP04,
FLUP11, PARO, IMIP, MIAN, VORT,
MIRT, MOCL, NORT, TRAZ, TRIMOS,
TRIMO6, TRIM13

Celecoxib, Diclofenac, Sulindac,
Piroxicam, Ibuprofen, Naproxen,
Indomethacin, Etoricoxib,
Meloxicam

Dipyridamole, Clopidogrel,
Prasugrel, Ticagrelor, Abciximab,
Eptifibatide

Apixaban, Dabigatran,
Rivaroxaban, Edoxaban,
Argatroban, Warfarin, Heparin,
Tinzaparin, Nadroparin,
Enoxaparin, Epoprostenol
Biphasic Insulin Aspart, Biphasic
Insulin Lispro, Insulin Human,
Insulin Isophane Human, Insulin
Neutral Human, Insulin Aspart
Human, Insulin Degludec, Insulin
Detemir, Insulin Glargine, Insulin
Glulisine, Insulin Lispro Human
Acarbose, Alogliptin,
Dapagliflozin, Dextrose,
Diazoxide, Dulaglutide,
Empagliflozin, Exenatide,
Gliclazide, Glipizide,
Glimepiride, Glucagon,
Linagliptin, Liraglutide,
Lixisenatide, Metformin,
Pioglitazone, Saxagliptin,
Sitagliptin, Vildagliptin
Atorvastatin, Fluvastatin,
Lovastatin, Pravastatin,
Rosuvastatin, Simvastatin,
Alirocumab, Cholestyramine,
Evolocumab, Ezetimibe,
Fenofibrate, Gemfibrozil
Aripiprazole, Esomeprazole,
Lansoprazole, Omeprazole,
Pantoprazole, Rabeprazole,
Famotidine, Ranitidine
Alendronate, Clodronate,
Ibandronic acid, Pamidronate,
Risedronate, Zoledronic acid
Amisulpride, Aripiprazole,
Chlorpromazine, Clozapine,
Flupenthixol, Risperidone,
Fluphenazine, Haloperidol,
Lithium, Lurasidone, Olanzapine,
Paliperidone, Pericyazine,
Pimozide, Quetiapine, Sulpiride,
Trifluoperazine, Ziprasidone,
Zuclopenthixol

Amitriptyline, Agomelatine,
Bupropion, Clomipramine,
Deancxit, Dothiepin, Doxepin,
Flupenthixol, Paroxetine,
Imipramine, Mianserin,
Vortioxetine, Mirtazapine,
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Oral corticosteroids

Diuretics

Anti-arrthythmic

Beta-blockers

ACE inhibitor or ARB

Other antihypertensive

CCB

Peripheral vasodilators

BETAO04, BETA06, BETA07, BETAOS,
BETAO09, BETA13, BETA16, DEXA,
FLUD, HYDRO06, HYDRO07, HYDROS,
HYDRI11, HYDR13, HYDR28, HYDRA40,
HYDR41, HYDR54, HYDR56, HYDRS59,
HYDR60, HYDR61, PREDO1, PREDO02,
PREDO06, PRED08, PRED09, PRED14,
PRED15, PRED16, PRED17, PRED19,
PRED21, PRED22, PRED23, PRED26,
PRED27, METH29, METH30, METH36,
METH37, METH66, METH67, METH71,
TRIAO02, TRIAO3, TRIA04, TRIAQ9,
TRIA13

AMIL, BUME, DYAZ, EPLE, FRUS,
HYDRO5, HYDR30, HYDR38, INDA,
MANN, METOO05, MODU, SPIR

AMIO, ATRO, DISO02, DISO03, DRON,
FLEC, MEXI, PROC03, PROPO01, QUIN02

ATEN, BISO, CARV, ESMO, LABE,
METO06, METO07, METO08, METO09,
METO10, METO11, METO13, METO15,
METO16, NADO, PIND, PROP04,
PROPO5, PROP07, PROP0S, PROP13,
SOTA

CAND, CAPT, ENAL, IRBE, LISI, LOSA,
PERI17, PERI18, RAMI, TELM, VALS

CLONO5, DOXA, HYDRO1, HYDRO2,
HYDRO3, ILOP, METH22, METH23,
METH?78, NITR06, PHEN16, PRAZ03,
PRAZ04, PRAZ0S5, TERA

AMLO, DILT, FELO, LERC, NIFE,
NIMO, VERA

CILO, IVAB, NAFTO02, NAFTO03, NICE,
OXPE

Moclobemide, Nortriptyline,
Trazodone, Trimipramine

Betamethasone, Dexamethasone,
Fludrocortisone, Hydrocortisone,

Prednisolone, Triamcinolone

Anmiloride, Bumetanide, Dyazide,

Eplerenone, Frusemide,
Hydrochlorothiazide,
Indapamide, Mannitol,
Metolazone, Moduretic,
Spironolactone

Miodarone, Atropine,
Disopyramide, Dronedarone,
Flecainide, Mexiletine,
Procainamide, Propafenone,
Quinidine

Atenolol, Bisoprolol, Carvedilol,

Esmolol, Labetalol, Metoprolol,
Nadolol, Pindolol, Propranolol,
Sotalol

Candesartan, Captopril, Enalapril,

Irbesartan, Lisinopril, Losartan,
Perindopril, Ramipril,
Telmisartan, Valsartan
Lonidine, Doxazosin,
Hydralazine, Iloprost,
Methyldopa, Nitroprusside,
Phenoxybenzamine,
Phentolamine, Prazosin,
Terazosin

Amlodipine, Diltiazem,
Felodipine, Lercanidipine,
Nifedipine, Nimodipine,
Verapamil

Cilostazol, Ivabradine,
Naftidrofuryl, Nicergoline,
Oxpentifylline

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; CCB, calcium
channel blocker; NSAID, non-steroidal anti-inflammatory drug; PPI, proton pump inhibitors.
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Supplementary Table 3. Risk of gastrointestinal cancers and gastrointestinal bleeding with low-dose aspirin and paracetamol before
propensity score matching

Low-dose Aspirin Paracetamol Low-dose Aspirin vs Paracetamol
No. No. of Cases/ Incidence per No. No. of Cases/ Incidence per HR (95% CI) P Value
Person-Years 1000 Person- Person-Years 1000 Person-
Years Years

Colorectal cancer ¢, g0 1085/498 618 218 367290 4978/3872782 1.29 ’ 6083) <001

Gastric cancer 60 869 276/498 618 0.55 367290 1223/3 872782 0.32 1.74 <.001
(1.53-1.99)

Esophageal cancer 60869 112/498 618 0.22 367290 550/3872782 0.14 1.53 <.001
(1.25-1.88)

Gastrointestinal 60 869 7053/545721 12.92 367290 21037/ 5.24 2.47 <.001

bleeding 4014350 (2.40-2.54)

Abbreviations: CI, confidence interval; HR, hazard ratio.
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Supplementary Table 4. Number of patients with a prescription of proton pump
inhibitors and H2 receptor antagonists during baseline

Low-dose aspirin Paracetamol users
users

Prescribed PPI or H2 blockers (%) 14323 (28.8) 13,898 (28.0)
PPI 3945 (27.5) 4317 (31.1)
Esomeprazole 1125 (28.5) 1342 (31.1)
20mg 774 (68.8) 667 (49.7)
40mg 351 (31.2) 675 (50.3)
Lansoprazole 409 (10.4) 502 (11.6)
15mg 21 (5.1 38 (7.6)
30mg 388 (94.4) 464 (92.4)
Omeprazole 65 (1.6) 333 (7.7)
20mg 4 (5.7) 145 (43.5)
40mg 61 (94.3) 188 (56.5)
Pantoprazole 1081 (27.4) 1295 (30.0)
20mg 288 (26.6) 190 (14.7)
40mg 793 (73.4) 1105 (85.3)
Rabeprazole 1265 (32.1) 845 (19.6)
10mg 161 (12.7) 125 (14.8)
20mg 1104 (87.3) 720 (85.2)
H2 blockers 13230 (92.4) 13552 (97.5)
Famotidine 13118 (99.2) 12886 (95.1)
20mg 11491 (87.6) 11804 (91.6)
40mg 1627 (12.4) 1082 (8.4)
Ranitidine 112 (0.8) 666 (4.9)
150mg 110 (98.3) 661 (99.2)
400mg 2(1.7) 5(0.8)

Abbreviations: PPI, proton pump inhibitors; H2 blockers, Histamine-2 receptor antagonists.
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Supplementary Figure 1. Propensity score plot before and after matching
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